Pathogenic bone erosion is often associated with inflammation. The destructive bone erosion that is often seen in rheumatoid arthritis is probably due to the close proximity of inflamed tissues to bone. Over the past decade, major advances have been made in our understanding of the factors that are crucial in regulating osteoclast bone resorption. It is not surprising that these factors are expressed by inflammatory cells that are present in the rheumatoid joint. It now appears that we can add neutrophils to the list of inflammatory cells found in the inflamed rheumatoid joint that express factors that regulate bone erosion.
The past two decades have witnessed the discovery of several important soluble factors and cell surface molecules that are involved in mediating osteoclast differentiation and bone resorption. Of most importance are receptor activator of nuclear factor-κB ligand (RANKL) and its receptor RANK. It is interesting to note that RANK/RANKL interactions were first described in relation to activities of antigen-presenting cells [2] , and it was the fact that neutrophils may act as antigenpresenting cells that provided the impetus for the study conducted by Poubelle and coworkers [1] . In relation to bone metabolism, RANKL and RANK were initially identified on osteoblasts and precursor osteoclasts, respectively, and are crucial for osteoclast formation [3, 4] . It is widely accepted that RANKL, together with macrophage colony-stimulating factor, are the most important factors that stimulate osteoclast formation from precursor monocyte/macrophages. The relative levels of RANKL and osteoprotegerin (OPG), which is the natural soluble inhibitor of interactions between RANK and RANKL [3] [4] [5] , play a vital role in determining whether bone is formed or lost. Whereas the tumour necrosis factor (TNF)/TNF receptor 'like' molecules RANK, RANKL and OPG are crucial for physiological osteoclast formation, it is now recognized they are key regulators of osteoclast activity in disease.
RANKL is present at high levels in RA synovial tissues as compared with healthy or osteoarthritic synovial tissues [6] , and several inflammatory cell types are probably responsible for ectopic production of RANKL in synovial tissues adjacent to bone. In RA synovial tissues, activated lymphocytes expressing CD3 are a predominant cell type that expresses RANKL protein [7] . RANKL may also be produced by other cells of the RA joint, such as synovial fibroblasts [8] , chondrocytes [9] , endothelial cells [10] and possibly activated macrophages [11] . It appears that we can now add neutrophils to our list of inflammatory cells that secrete RANKL. Poubelle and coworkers [1] showed that neutrophils express RANKL on the cell surface, and therefore neutrophil stimulation of osteoclasts may only have very localized effects because cell-cell contact is required.
Many inflammatory cytokines that are found in the inflamed RA joint are known to stimulate osteoclast formation. However, the ability of interleukin-4 to stimulate RANKL production reported by Poubelle and coworkers [1] is interesting because this cytokine is known to inhibit osteoclast formation [12] . In addition, it was reported by Poubelle and coworkers [1] that neutrophils in RA synovial fluid also secrete OPG. However, neutrophil derived OPG may not markedly influence OPG levels as OPG in RA synovial tissues [13] and synovial fluid [14] is lower than OA control samples. The reduction in OPG expression in the rheumatoid joint is also more consistent with The expression of RANK on the surface of neutrophils may be related to the reported antigen-presenting activities of neutrophils. In addition, expression of TNF receptor-associated factor-6 by these cells suggests that cells can be activated through the RANK/RANKL pathway, possibly in an autocrine manner.
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Inflammatory cells and bone loss in rheumatoid arthritis
With the extensive immunohistological studies conducted in RA synovial tissues, it seems surprising that RANK, RANKL, or OPG expression by neutrophils has not previously been reported. However, when one carefully examines the tissues used, there are very few neutrophils to be seen. These tissues have the hallmarks of chronic inflammation, containing many macrophages, lymphocytes and fibroblasts. The influx of neutrophils associated with active RA was not seen in the synovial tissues of these patients, but it might have been present in the synovial fluid. Importantly, RANKL expression by activated neutrophils is likely to induce the rapid bone erosion that occurs in septic arthritis [16] . Neutrophils are also thought to play a key role in the degeneration of articular cartilage that takes place in septic arthritis, and it could be speculated that RANKL derived from neutrophils may in some way be involved. However, neutrophils are unlikely to have a direct effect through release of RANKL because although RANK is expressed by chondrocytes, RANKL has been reported not to activate human articular chondrocytes [9] .
The simple view that neutrophils are leucocytes that are exclusively involved in acute inflammatory responses and act as the first line of defence against invading pathogens needs modification. The neutrophil presence in a number of chronic inflammatory diseases, such as RA, indicates that these cells may play an important role in chronic inflammation. It is increasingly apparent neutrophils exhibit many of the properties of their fellow phagocytic cells of the monocyte/ macrophage lineage. Their rapid secretion of many factors that are also released by macrophages, lymphocytes and fibroblasts indicates that they can play similar roles in chronic inflammation. Many of these factors are pivotal in causing tissue destruction, either directly or indirectly.
We are still to determine the importance of the neutrophil in regulating the bone destruction that occurs in RA and other chronic inflammatory conditions. However, when inflammation flares take place in RA, large numbers of activated neutrophils are rapidly recruited to the joint and aggregate in the synovial fluid. The rapid release of factors that regulate bone metabolism, such as RANK, by these cells could provide a large, transient increase in RANKL levels in the joint, supplementing that normally provided by the chronic inflammatory cells in synovial tissues. This may result in rapid stimulation of bone erosion during disease flares in active RA. 
